Minicells are tiny deoxyribonucleic acid (DNA)-less cells produced by abnormal cell division in certain mutant strains of Escherichia coli (1) . Purification of these cells from normal cells has previously involved differential centrifugation and multiple sucrose gradients (1, 2) . Once purified, these minicells are useful in studying cellular functions in a cell environment away. from bacterial chromosomal DNA influences (2, 3). Since there is a limit to the quantity one can apply and recover from a sucrose gradient and since there was some evidence suggesting that the sucrose gradient might in fact be toxic to the minicells, another method for minicell purification was sought.
Initial observations demonstrated that minicells do not divide (1) . Since penicillin acts by interfering with cell wall synthesis causing lysis of growing cells (7, 10) , a procedure using this drug was tried and found to be successful. Large quantities of minicells can now be purified with a modification of the penicillin screening test (5, 6) . One 45-min penicillin treatment will usually give a greater than 500-fold purification of minicells from whole cells. Combining this technique with an initial differential centrifugation gives a greater than 500,000-fold purification in two easy steps (Table 1) . In contrast to only 25 to 30% recovery of minicells from sucrose gradients, we can recover up to 90% of the estimated minicells present before the penicillin treatment (Fig. 1 Table 2 ).
2.9 minicell OD units (0.5 ml) Recovery ofminicells after sucrose-gradient versus penicillin purification. The x925 minicells remaining after the differential centrifugation (2,250 X g) were centrifuged and resuspended in 0.5 ml offresh broth. The optical density of the minicells was determined by correcting the total optical density for that contributed by contaminating bacteria as determined by viable count. A portion of the. minicell sample was layered on a 4.5-ml, 10 to 30% sucrose gradient and centrifuged at 6,000 rev/min for 10 min at room temperature. The resulting minicell band was recovered and recentrifuged through another gradient. This final purified minicell band was collected, washed, and resuspended in I ml of broth, and the optical density was taken. Penicillin treatment was as outlined in the text. (Fig. 3) . This lag period can be shortened if purification is performed in sucrose gradients at 23 C. Thorough washing of the sucrose from the minicell preparation will often diminish, but not eliminate, this lag period.
The originally isolated minicell strain, X925
[P678-54 (1)] is more sensitive to the sucrose than is x984. It is possible that the cells left contaminating the minicell preparation after the differential centrifugation are more sensitive to sucrose, but we found a lag of at least 1 hr in which cells from the original culture have gone through two sucrose gradients at 23 C. In contrast, cells in the penicillin-purified minicell preparations show very short, if any, growth lag, and growth resembles that of the original cell population (Fig. 3) . Because the cells in these preparations show alteration in growth, the minicells, as well, may be affected by the sucrose separation and may explain the difficulty in finding biosynthetic activity in these gradientpurified minicells.
The resistance of minicells to penicillin suggests that either little or no synthesis of the peptidoglycan layer of the cell wall is occurring in minicells or that synthesis of the internal cytoplasmic components is too small to cause stretch and lysis of the cells. It is also possible that a small number of minicells (less than 5%) is affected by penicillin. The optical density studies and phase microscopy could have missed these small losses.
An estimated 5-log difference is usually attained between minicells and residual cells (Table 1) . If needed, greater differences can be obtained by combining two successive penicillin treatments or by introducing one 10 to 30% sucrose-gradient separation at 23 C followed by aeration and a penicillin treatment.
